INTRODUCTION
Numerous studies have evaluated the physical, developmental, and neurological outcomes of premature infants at various endpoints such as 18 months corrected age, 1 24 or 36 months postconceptional age, 2, 3 and school age. 4, 5 The limitation of these studies is their focus on one point in time, which provides only a ''snap shot'' of a broader growth and developmental movie. Because growth and development are processes that occur over long periods of time and are associated with periods of acceleration and deceleration, a more complex analysis is appropriate.
Some investigators have begun to evaluate the patterns in cognitive and neurologic growth. Koller et al. 6 reported on verylow-birth-weight infants who were followed from birth to 6 years of life. They identified five developmental patterns, with the largest number of infants (43%) in the pattern that began with average and declined to below-average development at 5 to 6 years. More recently, Anderson et al. 7 evaluated the patterns of change in the neurological status of term and preterm infants using serial exams from 6 to 54 months. The term infants showed early normal neurological status with minimal change over time, whereas the preterm infants, in general, showed rather dramatic improvement in the first 2 years of life. However, the preterm infants with complicated medical courses were more likely to have neurological deficits in the borderline or abnormal range that persisted across this age range. Whereas these studies provide information on preterm children's cognitive and neurological growth, they raise questions about specific predictors of physical growth and neurologic outcomes.
In the present study, our objective was to evaluate the influence of medical complications, gestational age, gender, ethnicity, and socioeconomic status on physical growth and neurological outcome from 6 to 54 months of age in premature and term infants. Specifically, we expected that medical risk level (high versus low) would be a stronger predictor of physical growth and neurologic outcome from 6 to 54 months than gestational age, socioeconomic status, ethnicity, or gender.
METHODS
This study was part of a prospective longitudinal study addressing parenting skills and long-term developmental outcomes of lowbirth-weight infants (birth weight <1600 g and gestational age <36 weeks) compared with full-term infants. 8, 9 The premature and term infants were born in 1991 to 1992 and recruited from three tertiary care hospitals. Exclusion criteria included maternal age <16 years, maternal substance abuse, major congenital
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anomalies, human immunodeficiency virus documented in the mother, meningitis or encephalitis, symptomatic congenital syphilis, chromosomal abnormalities, short bowel syndrome, and poor English comprehension by the mother. Attempts were made to approach all eligible mothers for written informed consent and enrollment. Eleven percent of those approached refused to participate. The total population consisted of 136 full-term infants and 233 premature infants. The premature infants were further subdivided into two groups based on specific medical complications: high-risk (n=96) and low-risk (n=137). Infants in the high-risk (HR) cohort had more severe medical complications, such as bronchopulmonary dysplasia, grade III or IV intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), and post-hemorrhagic hydrocephalus. Infants in the low-risk (LR) cohort had less severe complications, including respiratory distress syndrome and grade I or II IVH without dilation of the ventricles. Bronchopulmonary dysplasia was defined as an oxygen requirement at 28 days of age. IVH was defined using the criteria of Papile et al. 10 The diagnoses of IVH, PVL, and hydrocephalus were made by ultrasound evaluation.
The infants were evaluated at 6, 12, 24, and 40 months corrected age and 54 months of age (chronological). The complete evaluations consisted of anthropometrics, neurological exam, developmental tests, behavioral evaluations, and observations of parenting styles. This study focuses on the anthropometric and neurological exam results. The attrition rate between 6 and 54 months was 22% and was due to families moving out of the study area or inability to locate families who had moved during the course of the study. There were no group differences in attrition rates.
A quantitative neurological examination was developed for this study based on scales developed by Amiel-Tison, 11 Baird and Gordon, 12 and Swaiman 13 and modified at each time point by substitution or addition of age-appropriate test items. The examination at all ages was divided into seven subscales: general state, head, cranial nerves, motor tone, motor coordination, reflexes, and sensory. The responses obtained from test items in each subscale were scored from 0 to 2 (0=appropriate performance, 1=inter-mediate performance, 2=clearly abnormal performance). Scores from each of the seven subscales were calculated by dividing the raw score in a given subscale by the total number of responses obtained in that subscale. The exam and scoring are described in more detail in Wilden et al. 14 and Anderson et al. 7 Because previous studies with this sample of children indicated that most of the variabilities in neurological abnormality were in the motor tone, motor coordination, and reflex subscales, a composite score of these three subscales was used in the analysis and is referred to as the Tone, Coordination, and Reflex Score (TCR score). Two pediatric neurologists and a developmental pediatrician, blinded to risk status, performed all of the neurologic evaluations. Reliability checks were performed on the neurological exam, and average reliability between examiners was 90%.
Anthropometric measurements were done at each of the visits. Infants were weighed on a Detecto digital infant scale (Webb City, MO) that was calibrated at the beginning of each session. Recumbent length was measured. At 40 and 54 months, the children were weighed and measured using an Abco Healthometer Scale. Research assistants were trained and monitored by physicians to ensure accurate measurements.
In the preliminary growth modeling analysis, individual growth curves were determined for all subjects. This initial analysis revealed 11 infants whose neurologic growth curves were chaotic and markedly different from the rest of the cohort. In other words, they did not show consistent change over time and could not be analyzed with growth modeling techniques. These 11 infants were excluded from all the analyses. Five of these infants had a history of grade IV IVH and six infants had PVL.
Growth curve modeling was used to examine the relations of gender, race, socioeconomic status, medical risk, and gestational age (i.e., predictor variables) to the level and change in neurological status, frontal-occipital circumference (FOC), weight, and height (i.e., dependent variables) across 6, 12, 24, 40, and 54 months. 15 Every attempt was made to see infants within 2 weeks before or after these ages. However, the use of growth modeling techniques controls for variability in actual age of assessment. Models had three parameters that estimated level at a specific time point (i.e., intercept), linear change (i.e., slope), and nonlinear change in the rate of growth (i.e., curvature). For these analyses, the intercept was set at 30 months because setting the intercept at extreme ends of the developmental period studied causes problems with multicollinearity. 16 Results related to these three parameters provide information about the relation between the predictors (height, weight, FOC or TCR score at 30 months), and level rate of growth, and changes in the rate of growth in the dependent variables. When there were intercept differences at 30 months without slope and curvature differences, the differences were apparent at each assessment point.
When determining predictors of growth, all predictors are first entered in the analyses. Significant predictors are then entered in the final model, which is not dependent on order of entry but rather determines which predictors explain more of the variability in the growth parameters. For example, if both gestational age and medical risk were found in step 1 to be significant predictors of a growth parameter, the second step would determine whether one of these predicts the growth parameters above and beyond the other.
RESULTS
The demographic descriptors for each group are summarized in Table 1 . No significant differences were found between the groups in ethnicity, gender, or socioeconomic status as measured by the Hollingshead 17 scale. As expected, preterm children at high medical risk had significantly lower birth weights and gestational ages, and had longer hospitalizations than the other two groups. Low-risk preterm children showed these differences when compared to the full-term children. The mothers of term children were significantly younger than mothers of the premature children.
Predictors of Changes in Height
When examining children's rate of growth in height prior to considering the relation with predictors, on average across all children, the expected height at 30 months (intercept) was 88.76 cm (level) with an expected growth rate (slope) of 9.41 cm/yr. On average, growth rates were decelerating (curvature) at 1.21 cm/yr 2 . Because children's level of height was positively correlated with their rate of change and acceleration in height, subjects who were taller at 30 months also tended to be growing at a faster rate and to have less deceleration. Figure 1 displays the differences in height by medical risk level.
Predictors of Changes in Weight
Children's average weight at 30 months was 13.25 kg, with an increase of 2.49 kg/yr. Like height, the growth rate in weight was also decreasing over time [0.19 kg/yr 2 ; t(281) = À2.18; p=0.03]. Because level of weight was negatively related to rate of change, children who were heavier at 30 months tended to be increasing in weight at a slower rate but also decelerating more slowly. Those with the greatest increase in weight tended to show more deceleration in weight gain. Boys tended to increase in their weight 0.38 kg/yr more rapidly than girls and showed less deceleration. Figure 2 displays the differences in weight gain by gender. Medical risk level was not predictive of changes in weight.
Predictors of Changes in Head Circumference
The average FOC or head circumference at 30 months was 49. 5 Figure 3 displays the growth in FOC by medical risk level. Rates of growth in FOC were similar in all risk groups.
Predictors of Changes in Neurological Status (TCR Score)
On average across all children, the level of TCR scores at 30 months was a score of 1.00, whereas the rate of change was À0.18. Because of a significant correlation between children's level of TCR and changes in their scores, children with higher TCR scores indicating a greater neurologic deficit tended to decrease at faster rates.
Medical risk and gestational age were the two predictors related to level, rate of change, and changes in rate of change in TCR score. Children's gender was related to the level of TCR score at 30 months, Morris et al.
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whereas SES related to changes in the decrease in scores (curvature). These significant predictors were then combined into one model to determine if they each predicted unique variance over and above the others. With the exception of gestational age, all predictors continued to explain unique variance and were included in a final model. In the final model, gender [F(1,746) 
DISCUSSION
Historically, most evaluations of follow-up in premature infants have focused on outcomes at fixed points in time; however, this does not evaluate the process of growth and development. Growth modeling analysis allows the evaluation of multiple predictors of rates of growth and changes in these rates. Questions of the relative influence of a group of variables on outcome may then be addressed. In this study, the relation between medical risk level, gestational age, socioeconomic status, gender, and race on level, rate, and changes in rate of growth for height, weight, head circumference, and neurological status was examined for term and premature infants.
The results demonstrate that medical risk level was the most robust predictor of FOC, height, and neurological status. Medical risk level predicted level and rate of change in neurological status, head circumference, and height at 30 months of age. Gestational age, which has traditionally been a major predictor of fixed outcomes, did not contribute to this analysis of growth. The only characteristic that gestational age was associated with was the rate of growth in head circumference, but it only predicted 2.5% of the variance. The current findings extend the cognitive developmental findings of Koller et al. 6 Their study identified five patterns of cognitive development in 203 very-low-birth-weight infants from birth to 6 years of age. They concluded that biomedical factors were more important influences than socioenvironmental factors in defining these patterns.
Gender was also an important influence on patterns of physical and neurological growth. Gender was a significant predictor of the rate of growth and the change in the rate of growth for weight. Gender and medical risk level predicted 13.8% and 32% of the variance in head circumference and TCR scores at the 30-month intercept.
The anthropometric results provide an interesting contrast to the data provided by Kitchen et al. 18 Their study determined the heights and weights at ages 2, 5, and 8 years in three groups of infants (similar in birth weight and gestational age to the present study): (1) birth weight 500 to 999, GA=27 weeks; (2) birth weight 1000 to 1499, GA=30 weeks; and (3) birth weight >2500 g, GA=40 weeks. In these groups, the average annual incremental weight gain was 1.8, 1.96, and 2.11 kg/yr, respectively. The average annual incremental height gain was 7.46, 7.46, and 7.59 cm/yr, respectively. Kitchen et al. noted that the incremental weight gains in height and weight were greater in girls between 2 and 5 years of age, but were not different among the three groups. The average growth in our total population was 2.49 kg/yr weight gain and 9.41 cm/yr height gain at 30 months, and our findings suggest that boys were growing faster than girls. Possible explanations for the discrepancies with the current findings would include the difference between an Australianborn versus American-born population, differences in the nutritional support and neonatal interventions available to premature babies in the 1990s compared to 1977 to 1982, and the use of different statistical analyses.
The changes in the neurological status or TCR scores of these infants over the 54-month time period are very interesting. Initially, there is a rather dramatic improvement in the high-risk and lowrisk children's neurological scores. As the children approach school age, the TCR scores begin to worsen in the high-risk and low-risk children. This is most likely due to the increased number of test items requiring fine motor skills, which are problematic for premature infants. These findings underscore the importance of following the patterns of development over a long period of time in this vulnerable population.
The findings of this study demonstrate that the severity of the medical complications after birth and gender are strong determinants of patterns of physical and neurological development in former premature infants. The implications of these findings are that medical complications after birth are a stronger influence on growth patterns over time than gestational age. Also, patterns of development may change over time especially in regard to neurological outcomes. This may have important implications for counseling of parents in the nursery and the follow-up clinic. Researchers who are involved in
